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AN ETCHING METHOD IN FABRICATIONS OF MICROSTROKES 

TPPHTJTCAL FIE! D OF THF TNVENTION 
,000,1 The present invention is reiated general,, to the art of fabrications of 
lo tructures whieh inCudes such devices as rnieroe.ectromeohanica, sys*m, 
semicondnctor devices, and, more particularly, to methods and apparatus of nomplasma 
spontaneous vapor phase etching processes used in the fabricators of the m.crostructure, 

„ ^ rvr.pn. 1MT> OF THF INVENTION 
,„„„ 2| Saerifieial layers of selected sacrificial materials are commonly used in fabrications 
f mic— res, sueh as m.croelectromechanica, systems and semiconductor devrce, A 
^ical and pervasively used sacrificial materia, is amorphous s.hcon. One he d«- 
lemres of the microstructure are formed, me sacrificia, fayers are remove by etchmg. 
T.e success of the etching process depends upon the selectivity of the etchmg process 
Performance, uniformity and yieid can a„ he improved with increases in the etch selechvtty 
of the sacrificial layers. 

,0003, More recently, the etching method using se.ected gas phase etchants has drawn great 
L .ere, in fabricating microstrucmres due to its many advantages, such as hrgh se,ec,^ 
less contamination and less process suction as opposed to other possible etchmg method, 
such as a wet etching technics. In terms of the different ways of feedmg the selecte g 
etchan, in. the etch chamber containing the mrcrostructure to be etched, me current g. 
etching method has two major categories - continuous etchan, feeding and one-Ume (Bate 
etchar feeding. Inatypica, continuous etchant feeding process, me gas etchant conhnuou 
flows through me etch chamber nnti, the sacrificia, materials of the mrcrostruc ^ 
exhausted by me chemical reaction inside the etch chamber. This etch process ,s unfa or b,e 

usag e of etchant. ,» a typical one time etchan. feeding process, the selecte gas etchant ■ 
introduced into the etch chamber a, one time and a chemical reaction occurs between the gas 
lhan, and the sacrificial materia, inside the etch chamber. This etch -dmgtechmo 
proves the etchan. usage efficiency and the possibility of precise control of the e.chm 
piss. However, i. also has disadvantages. For example, because the gas etchan. and h 
acrificia, ma.erials and .he chemical reacfion therebetween are confined in the etch chamb r 
Zgh ou, the etching process, the etching product (reaction product, w,l, acenmuiate 
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I L surface of the micro—. At an extreme situation, the chemtcal reachon may be 

lificia, materia, that can be removed by the fixed amount of the etchanfs hm.ted fora 
I „ etching system, the maxtmum amount of the etchan, fed mto the e,ch,n g a, one tun 

I e this prob.em, additiona, amounts of the etchan, are fed into fire etchntg s sKm m 

Lonfinul fashion. For exampie, in feeding an additiona, amount of 

etching system is pumped on, and then provided with the additiona, amount of the etchan, 

M thus the etching process is stopped nnfi, the addtttona, - *> 
provided. This feeding process, however, may cause "etch front marks and / or ng 
Irmifies in the microstructures after etch. For examp,e, when the firs, amoun t o £ 
etchan, fed at one time into the etching system is not enough to remove al, sacnfieta, 

ntl" in the structures of the mi— ure when the chemica, reachon « 

out and even after the etching process. ^Hficial 
,0004, According,,, a method and apparatus is desired for efficient* removmg sacnfieta, 
layers in microstructures using selected gas phase etchant. 

SUMMARY QF THF INVENTION 
,0005, in view of the forgoing, the present invention teaches a method for removing the 

H„, that reacts with the sacrificial matena, in vapor phase. ,n the e— ; f th 

much larger than the quantity required to comp,e,e,y remove the sacnfieta, — Th 
etchan, is fed into the etch chamber containing the microstore durmg each feedmg cycle 
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of a sequence of feeding cyc.cs until «he sacrificia, materia, of the microstore ,s exhausted 
tbrough the chemical reaction between the etehant and the sacrif.cia, matena.. SpemficaUy, 
during a fits, feeding eycie, a firs, discrete amount of seiected spontaneous vapor phase 
etchan, is fed into the etch chamber. At a second feeding cyc.c, a second discrete amount 
the etchan, is fed into the etch chamber. The firs, discrete amoun, and the second drscrete 
amount of ,he se.ected e,chan, may or may no, be me same. This etchan, feedtng prc^ss 

action between the etehan, and the sacrificia, materials. The time duratton of the feedmg 
cycles are individually adjustable. 

,0006, At each feed cyc.e, the etchant is fed into the etch chamber via an outer ctrcn.at.on 
,oop that passes through the etch chamber and an exchange chamber in whtch the etchan, 
prepared. After the feeding, the etchant is circulated via an inner circu.at.on ,oop that passe 
hrough the etch chamber hut no, ,he exchange chamber for etching the sacrifice, matena.. 
1 lhan, Cremation via the inner circuiation ,oop is stopped and switched into , he outer 
circu.a,ion ,oop upon me arriva, of the foUowing etehan, feeding dunng the foi.owmg 
feeding cye.e. The time interva. between any two consecutive etchan, fecdmgs ,s a.so 

SoT'ln order ,o expedite ,he chemica, reaCion between the se.ected etchant and the 
sacrificia. materia, inside the etch chamber, the se.ected spontaneous vapor phase etchan 

gases with a pariia. pressure preferah.y from 20 to 700 torr. Such a gas nuxture , 
particu.ar,y uscfu. for removing the sacrificia. materials underneath the fimcona, .ayers 
the microstructure. 

,0008, In an embodiment of the invention, a method is disc.osed. The method eomprtscs. 
loading a microstructure into an etch chamber, wherein the microstructure composes a 
sacrificia, material and one or more structural materials; providing a firs, discrete amount of 

cycles for removing the sacrificia, matenal; and providing a second discrete amour,, of he 
etchan. recipe after the firs, feeding cyc.e and during a second feeding cyc.e that follows the 
first feeding cycle of the sequence of feeding cycles for removing the sacrificial matenals 
,00091 In another embodiment of the invention, a method for etching a sample ,n an etch 
chamber is disclosed. The method comprises: (a) establishing a firs, pressure ms.de a firs, 
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chamber, wherein the first pressure is equal to or lower than a pressure in a second chamber 
mat contains a spontaneous vapor phase etchant; (b) filling the firs, chamber with the etchant; 
(c) filling the first chamber with a diluent gas such that the pressure inside the first chamber 
reaches a second pressure that is higher man the first pressure; and (d) circulating the etchan, 
and the diluent gas through the etch chamber. 

[00101 In another embodiment of the invention, a method for etching a sample in an etch 
chamber is disclosed. The method comprises: circulating a first amount of spontaneous vapor 
phase etchant via a first loop that passes through the etch chamber for etching the sample; and 
circulating a second amount of the etchant via a second !oop that passes through the etch 
chamber and a first chamber other than the etch chamber, wherein the firs, chamber ts not 
part of the first loop. 

[00111 In yet another embodiment of the invention, au etching system for etching a sample 
is provided. The system comprises: an first chamber containing the sample; a firs, circulate 
loop through which a firs, amount of spontaneous vapor phase etchan, is circulated, wherem 
the firs, circulation loop passes through .he firs, chamber; and a second circulation loop 
through which a second amount of the etchan, is circulated, wherein ,he second emulation 
loop passes through the first chamber and a second chamber that is no. a par. of .he first 
circulation loop. 

RKTF.F DESC P TPTTON OF DRAWIN GS 
[0012] While the appended claims set forth the features of the present invention with 
particularity, the invention, together with its objects and advantages, may be best understood 
from the following detailed description taken in conjunction with the accompanymg drawings 
of which: 

[0013] FIG. 1 schematically illustrates a method of feeding spontaneous vapor phase 
etchant into an etch chamber containing a microstructure according to the invention; 
[0014] FIG. 2 schematically illustrates two separate circulation loops through winch the 
selected spontaneous vapor phase etchant is circulated; 

[0015] FIG. 3 is a block diagram illustrating an etching system of the present invention; and 
[0016] FIG. 4 is flow chart illustrating steps executed for etching samples using the etching 
system in FIG. 3. 
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t, E tait FT) DF-SC P""-'™ " F THE EMBODIMENTS , 
,0017, The present invention teaches a method for removing sacrificial materials ,n 
abrications of microstruchares using one or more selected spontaneous vapor 

Z .es until the sacrificial materia, of the mien— is consnmed by the chenuca, 
reaction between the etchant and the sacrificial matenal. 

,00X8, R efenin g ,oF,G.,,,hree_,ivefeed i ngc y c,esT,,T 2 ,andT 3 ofasec 1 nence 

of these feedingcyc.es (e.g. T„ T 2 and T„ are not necessarily me same, ^nga rime s, 
within each feeding cycle, an amount of selected spontaneous vapor phase 
fedrntoetchcharnberlOSmatcon^^ 

recipe may be only a selected spontaneous vapor phase e.chant, such as noble gas hahde (e.g. 
recipe may ^ flnnrid ^ Alternatively, the selected etchant recpe 

XeF 2 ) or interhalogen (e.g. bromine tnfluonde). Alternative y, 

may be a mixmre of the selected etchan, and a diluent gas, such as an inert gas (.» N 2 , Bfc 
ArKran d Xe).Moreover,acomhina«ionofmee,cha„,s(e.g.Xe F2 andBrF3)cou,dbeused 

wi ih or without a dimen, gas. For example, during time slo, s, of feeding cycle T„ a firs 
amount of the se.eCed etchant recipe is fed into the etch chamber. The etc an. recipe to 
chemically reacts with the sacrificial material - resulting reaction products, also in gas phase, 
"mica, reaction consumes the selected etchan, of the etchan, recipe and decreases he 

the chemica, reaction within the etch chamber before all sacrificial materia, arc removed 
Therefore, a second amount of the selected etchant is fed into the etch chamber during rim 
s,ot s 2 of feeding eyde T, For the same reason, a third amount of the selected etchant is fed 
^.chchLerduringtime slots, 

the etch chamber is not totaUy removed. The feed process continues unti, all saenfic a 

no, necessary the same. Instead, the time slots are individual* adjustable. As a result, time 
intervals between Two consecutive etchan, feeding time-slo,s may no, be the same, 
example, the time interval hereon s, and s 2 may no.be me same as the time mterva, between 
, a „d s This benefits the contro, of the etching rate (e.g. defined as the amount of 
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saciflcia, — removed mrough ** — —on per second * ^ ^ 
etching process. In an embodiment of the invention in which XeF 2 ,s nsed as the etchan. fo 

" amorphous silicon in micromirror devices, which wil, he d.scussed m de.ti 
afterwards, the etching rate is preferably ftom 10 to 50 angshoms per second, more 

^blyfrom^o 30 angstroms per second, and more preferahly around 20 angshoms per 



19 , Dnring each etchan, feeding cycle, the etchan, is fed into the etch Cam er v.a an 
ILiatil ,oop that passes through the etch chamher and an exchang ec -» 
which the etchan. is prepared. The outer >oop is a,so used to ven, the gases m c,rcu afton 

oon that passes through the etch chamber without passing through tire exchange chamber 
Z "ham Ling during me following time ,n,e„al, which wi„ he discussed m 
the following with reference to FIG. 2. 

,0020, Referring ,o FIG. 2, the outer circulation loop illustrated as a dofted hue pas 
Li etch chamber ,06 and exchange chamber 1 10. The exchange chamber prov.de ,h 
Zl spontaneous vapor phase etchan, recipe wi<h desired properties, such 
eoneentratil and pressure. When me selec.ed e.cha, is prepared, .he ou^oop . . OC* - 
and the prepared etchan, is fed in.o me e te h chamher via ,he ou,er loop dunng a - * 
(e g time s o, .,, of a feeding cycle (e.g. feeding cycle T,). In add.tion to feed n g ,h 
^ared Chan, into - e,ch chamber, ,he outer loop is also used for venting , e chem, 
ea tion produCs ou, of fine e«ch chamber. Specifically, a pump ,s conneCed .o me 
oHnd pumps the reaction products ftom the outer loop outside , he etching system. In an 

TZon products from fhe outer loop outside the etching system. Of course, durmg on 

!: begilg of *e feeding cycle or at least before the processes of preparmg the selected 
etchant and feeding the prepared etchant recipe into the etch chamber. 

After the prepared etchan, recipe is fed into the etch chamber, tite outer loop ,s 
ose and fire circulation of ,he e,chan, is switched from me ou.er loop ,o ,he mner op , 
ales through the etch chamber bu, no, the exchange chamber. This switch ftom the cute 
: to ,he Ler loop is accomplished by a pluratiry of valves connected to thetuner a„ 
outlr loop. As the etchan, flows .hrough ,he etch chamber, i, chem.cally reacts w„h 
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sacrificial — of the microsftucture inside *e - — and generates one orn,o« 

canons via the inner ioop, the amount of the etchant is decreased ^ £ 
reaction products is increased dne to the chemical reacdon between the e tcha , an N* 
sacrificia material within the eteh chamber. The inner ioop is then stopped and *e on, 
,„„p is opened for feeding additiona, etehant and venfing the reacnon products. Th 
circultrtioi^via the inner loop and the outer loop alternates and continues until the sacrificial 
rl of the microstructure inside the etch chamber is either totally removed or * a 

^ vided for the etching system, this is no, an absolute retirement, instead a ph,rafi*o 
exchange chamber, and all outer loops are connected to the etch chamber. 

The sacrificiai martial is removed through a chemical reacnon between he 
! Z c Jmateria, and the selected etchan, Because the speed of the chemical reaction 
die partially upon die etchant partial pressure, the partial pressure of the etehant ins.d 

^ phase XeP 2 is employed to remove amorphous silicon in micromirror devices, 
J, I discussed in detail afterwards. With the selected partial pressure the tch n 
■ Leally reacts with the sacrifteia, materials that are directly exposed to the etchant a, ft. 
ZL reaction speed. However, i, is often difficult for the etchant alone to remove 
lia, materials that are no, directly exposed to the etchant, such as the sacnfic a 

II, with the selected partial pressure is mixed with a selected dilnen, gas h = 
selected partial pressure ftia, is preferably higher man the partial pressure of the select d 

Twhen vapor phase XeP 2 is employed to remove amorphous silicon ,n micromirror 



3 The mixing of the se.ected vapor phase etchan, and a diluen, gas with different 
pressures^an be performed in a variety of ways. As an example in which the diluent gas has 
h ^partial pressure than the etchan,, the exchange chamber is first pumped out y the 
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partial pressure of the selected etchant. The e.chan, is then filled into the exchange chamben 
The diluent gas a, higher pressure is then fifled into the exchange chamher and m.xed w„h 

Z^TTL following, the present invention wi,. he discnssed with references to 
LI— in which spontaneous vapor phase XeF 2 is used as the selected etc an, f. 

the ar, that the following discussion is for demonstration purposes on,y, and „ should n , h 
in ,erpre te d in any ways as a limitation to the present invention. Instead, other su.taUe 
variations to tire Mowing embodiments without departing from the spur, of the present 
invention may aiso he emp.oyed. For example, the selected etchan, can he other spontaneous 
vapor phase nohie gas hatide in addition to XeF 2 or spontaneous vapor phase mterhalogen 
su h as hromine tricHoride, or other proper chemica, species, such as HF for removmg 
amorphous (or porous) stiicon as the sacrificia, materia!. The microstructure havmg 
sacrificial materials can be semiconductor devices or other types of microstructures. 
L, Referring to FIG. 3, the etching system comprises etch chamber 106 and exchange 
chamber 1.0. The etch chamber contains the rmcromirror device having amorphous o 
porous) silicon to be removed. The spontaneous vapor phase XeF 2 and one or more dtiuen 
gases are mixed in the exchange chamber. In the embodiment of the invention, the dtluent 
gas is preferably an inert gas, such as nitrogen, helium, argon, krypton or xenon, or a mrxture 
of one or more inert gases, and more preferably gas nitrogen or gas hehum. The cub 
volume of the exchange chamher is preferably much less man (e.g. around one twentieth of 
or one fiftieth of, the cubic volume of the etch chamher such that the vo.umetoc amount 
the mixed gas of XeF 2 and the diluent gas is much smaller titan tine muted gas « 
XeF 2 , diluent gas and tine etching products) in tire etch chamher. As a result, the feed ng o 
Ore mixed gas into the etch chamher during one feeding cycle is a small pertirrbation to and 
does not dramatically change the chemical reaction in process. 

■00Z6, The exchange chamber, tire etch chamber and valve V3, c.rculatton pump 108, valve 
V4 and endpoin, detector 109 form the outer circulation loop i.lnstrated as a dotted hue. The 
etch chamher, circulation pump 10S, valve V5 and endpoin, detector form the .rarer 
circulation loop as illustrated in another dotted line. The arrows in tire figure represen * 
flow direction of the mixed gases within the etching system. Of course, tire flow dtrechons 
ca „ be reversed, as long as all flow directions within each segment of the flow path are 
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.versed, the circuUtion pnmp 108 continuously pumps the gases passing by so as to 
Intain the circulation via the two loops. The endpoin, detector dynamicafly measnres ,h 

an a,yzes the measured concentration ,0 obtain the progress mformatmn on be «* ng 
process inside me e,cbing ebamber. ,n me embodiment of the mvenbon, the en om 
erector is a MKS Process Sen. .bat uses Infra-Red Hgb, to dymamrca Uy_ * 
concenrrabon of SiF 4 . Otber detectors, sucb as a Residua, Gas Analyser from AMETEK m y 
also be employed. Valves V3, V4 and V5 switch the gas flow between inner circulation loop 

allowing the gas to flow through) valves V3 and V4, and closmg (e.g. blocks the gas » 
flow nigh) va,ve V5. The .rarer circulation loop is activated by opemng valve V5 and 

V, and me diluent source chamber is connected to diluent gas cylmder 103 In th 
embodiment of me invention, helium is preferably used as the diluent gas and — 
the diluen, gas cylinder. In addibon to the diluen, source chamber, the exchang chamber 
Iconnel to etchan, source chamber 10, via valve V 2 and pump 10, v,a valve V.^ 
etchant source chamber is Anther connected to the etchan, gas contamer, such as XeF 2 

;Cr r m°tne etching process, XeF 2 gas is fed into the etch chamber and chemically reacts 
with the amorphous silicon. The chemical reaction is expressed as: 

2XeF 2 + Si = 2Xe + SiF 4 
,„ order to expedite .he chemical reaction and enhance the efficiency of the chemical reaction 
specially beln XeF 2 and Si underneath Ore fnncbona, layers of the m— or ev.ce 
such as the mirror plates of the micromirror devices, the partial pressure of the XeF 2 gas ,s 

ine preferably from 0.1 to 15 tor, The XeF 2 gas is m.xed with a diluent gas, sue 
heium having a partial pressure preferably from 20 to 700 torr. This mrxed gas is then 
•lied thigh the etch chamber via the inner circulation loop and the outer —on 
, 00 p..n the embodiment oftheinvenbon, me temperature of .he e,ch chamber tspr« 

Hied in a narrow region in the vicinity of .he sacrrfrcia, layers, this regron may have a 
higher temperature than the gases inside the etch chamber. 
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,00291 The spontaneous vapor phase XeF 2 is contained in XeF 2 container 101 that contents 
Lh solid phase XeF 2 and vapor phase XeF, The temperature of the XeF 2 confer ts 
preferably aronnd 25° degrees and the pressure is preferably from 0, to 15 torr and more 
preferably around 4 torr. The XeF 2 container is connected to etchan. source chamber 102 ft , 
contains vapor phase XeF 2 only. The pressure of the etchant source chamber ts pre era * 
around 4 torr and the temperature is around 25' degrees. In an alternative embodtmen, of ft 

ftside etchan, source chamber 102. At room temperature and 4 torr, a portion of the sohd- 
state XeF 2 sublimates into vapor phase XeF 2 inside the etchant source chamber. 
,00301 in the following, an exemplary etching process will be discussed with reference ,0 
PIG 4 which illustrates steps executed in the exemplary etching process. For simplicrty and 
demonstration purposes without losing the g=nera.ity, the followmg discussion assumes tha, 
helium gas is used as the vapor phase diluent. 

,003!, Referring to FIG. 4, the etching process begins with filling the exchange , chamh 
and the etch chamber with the helium gas (step 126) that has a pressure preferably from 20 
700 torr (steps 120 and 122 are optional and will he discussed afterwards). This ftlhng step ,s 

period, prefetably around 500 miUiseconds until the diluen, gas instde the etchmg system 
caches equilibrium. Then a sequence of etchan, feedmg processes is conducted dunng a 
sequence of feeding cycles as discussed with reference to FIG. 1 and FIG. 2. 
process comprises the steps of 128 through 135 in the flow chart and is executed dunng each 
feeding cycle (e.g. feeding cycle T„ T 2 or T 3 in FIG. 1) until fte sacrificia, |— ms.de fte 
etch chamber is either exhausted or below a predefined amount, such as less then 1 /.of the 
initia, amount. For example, during fte firs, feeding cycle T, in FIG. 1, fte etchan, feedmg 
process starts a, pumping on, the exchange chamber so as to reduce the pressure - 
exchange chamber and meanwhile, circulating fte diluent gas through fte tnner loop (step 
,28) for a time period preferably from 100 to 1500 milliseconds. This step is accomplished 
by pening valve V5 and valve V6 and closing valves VI, V2, V3 and V4. As a result, fte 
pLsure inside the exchange chamber is reduced to a pressure from 0.1 to .5 tor. The 
pressure inside etch chamber 106 is maintained a. a pressure preferably from 20 to 700 to,. 
Because fte pressure of fte exchange chamber is equal to or be.ow fte pressure of XeF 2 
inside etchan, source chamber 102, XeF 2 can thus flow into the exchange chamber, wh.eh ts 



- 10- 



ATTORNEY DOCKET NO. PI 17 -US 



step , val ve V5 is .eft open - Cowing *. di.uen, gas ,0 k eep on crrcu.ahng ™ *e ™er 
oft Cation tap. During to S «ep, a fns, amount of XeF 2 flows into the exchange chamber 

can becontro„e dthrough — B , he pressure of the exchange chamber vta valve V6an 
to pump connect .o the exchange chamber. For examp.e, by conrrofling the pumpmg « 
exchange chamher through controfling the open duration of va.ve V6, the pressure 

XeF 2 He, Xe ana SiF 4 ) can he se, to a pressure va.ue, such as . torr, 2 torr and 3 .err, 
corr spending .o .he desired additiona, amount of XeF, For examp.e, when «he pressum 

torr a torr - 4 torr - 1 torr) is fed into the exchange chamber when valve V2 ts opened. In 
m the inveln, the duration of opening vCve V2 ,s preferably around *0 
^seconds. During the 5 00 mflhseconds, around ox.O* mo.e X«F 2 gas flows mto 
exchange chamher from etchan, source chamher .02. Then an amount, prefer* aro» 
, 6x10 ' mo.e of helium ditant gas is fed into the exchange chamher a, step .32. The 
helium diluent gas mixes with the XeF 2 etchant gas and reaches equi.ibrium. Thus step >s 

Zuy around .00 mi.hsecond, After the XeF 2 gas is mixed with the hehum gas, e 

by opening va,ve V3 and vCve V4 and Cosing the re, of the valves, mcludmg va ve V 
V 2 V5 andV6. It can be seen that, by closing va.ve V5 and opentng valves V3 and V4, he 
inn er Cremation tap is Cosed and the outer CrcCation tap is opened. As a resu. the 
mixe d gas flows via the outer circulation tap and passes through the -h — fo 
ling the amorphous silicon through the chemical reaction inside the etch chamber. Th, 
step may .as, for a time period, preferably from 1000 to 3000 milliseconds, dependmg upon 
the measurement result of the eudpoiu, detector .09. The endpoin, detector, wh, hts 
preferably an MKS Process Sense dynamic*., measures the amount of reactton product StF, 
flowing u, the etch chamber using .nfra-Red light. Other endpoint detectors, such as an 
RGA endpoin, detector may also be used. Based on the measured va.ue of the amou of 
SiF 4 , an etching rate is ca,cu,a,ed and flren compared ,o a predetermmed va,ue B5, 
The etching rate is proportion, ,0 me derivative of the measured amount of S,F, 
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etching rate is higher then the predetermined amount va,ue, indicating that the sacrtfic, 
materia, of amorphous silicon has not been tetany removed, the etching process loops back to 
step 128. Otherwise, me etching process continues a, step 136. Step 135 terminates the first 
etchant feeding cycle Ti. 

[0032, During this feeding cycle, the etehan. recipe is fed into the etch chamber vta the 
outer loop, which is switched ftom the inner loop. When the XeF 2 is circulated through the 
etch chamber, a portion of the XeF 2 gas is consumed by the chemical reaction, resulting m 
to reduction of the amount of XeF 2 in circulation. For this reason, an additional amount of 
XeF 2 gas is fed into the etch chamber during the second etehan, feeding cycle T 2 , whtch ,s 
initiated by the etching process looping back to step 1 28. 

,0033) At step 128 during the second etehan, feeding cycle, the exchange chamber ts 
pumped ou, ,o reduce the pressure and exhaust the etching products and Xe gas and S,F 4 gas. 
Different from step 128 executed in the firs, etehan, feeding cycle T„ an amoun, of XeF 2 
recipe is still circulating through me e,ch chamber via the inner circulation loop. Th.s ts 
accomplished by opening ,he valves V5 and V6 and closing the res, of the valves. After step 
128 a second amoun, of spontaneous vapor phase X.F 2 is filled into the exchange chamber 
(step 130) followed by filling an amoun, of diluent helium gas into the exchange chamber 
(step 132) so as to mix to XeF 2 gas with the helium gas. The mixed gas is .hen fed into the 
etch chamber by stopping the inner circulation loop and opening the outer circulation loop 

iS^Each of these steps (steps 128 through 134) during the second feeding cycle T 2 is 
executed for a certain time period. For example, stop 128 is executed for a time penod 
preferably from 100 to 1500 milliseconds. The time period for executing step 130 - 
preferably around 500 milliseconds, and the time period for step 1 32 is preferably around 00 
milliseconds. The etehan, circulation step of ,34 is preferably from ,000 to 3000 
milliseconds. Of course, me time period of each step may be adjusted. For example, ,he time 
period for step 130, in which ,he exchange chamber is filled with XcF 2 , may be reduced when 
,ess amoun. of XeF 2 is expected to be fed into the etch chamber. This may happen especially 
when less man .he expected amount of XeF 2 is consumed in the etch chamber dnnng the 
previous etchant feeding cycle and close to to end of .he etching process when the amount of 
fte sacrificial material inside the etch chamber is small. The time period of step 134, m 
which to mixed gas is circulated via to outer loop mrough me e,ch chamber ts also 
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adjustable. In particular, the time period can be increased when, for example, the XeF 2 gas 
consuming rate (defined as the amount of XeF 2 in molar mass consumed per millisecond) is 
lower than expected (e.g. the initial consuming rate). And the time period can be reduced 
when the XeF 2 consuming rate is higher than the expected. As a general situation according 
to the embodiment, the time duration of each etchant feeding cycle, thus the total time period 
of executing steps 128 through 135, is preferably from 7.5 to 15 seconds. 
[0035] As the mixed gas of XeF 2 and helium circulate via the outer loop, the endpoint 
detector measures the amount of SiF 4 flowing out the etch chamber and the derivative of the 
measured amount over time. If a decrease (the derivative) of the measured amount is larger 
than the predetermined value, indicating that the sacrificial material inside the etch chamber 
has not been totally removed, the etching process loops back to step 128 and starts the third 
etchant feeding cycle T 3 (as shown in FIG. 1). Otherwise, the etching process continues at 
step 136. 

[0036] When the amount of the sacrificial material inside the etch chamber is below the 
predetermined value, the etching process can be terminated and the microstructure can be 
unloaded from the etch chamber. 

[0037] After the removal of the sacrificial materials such as amorphous silicon, materials of 
the functional layers of the microstructure are left. Exemplary such materials of the 
functional layers comprises: metal elements (e.g. Al, Ir, Ti, Ag, W, Ta and Mo), metal alloys 
(e g. WTi X) WMo x , and WTa x ), metal compounds (e.g. WA1 X , AlTi x ) including metal silicides 
(e.g. AlSi x , WSi x , MoSi x , TiSi x , ZrSi x , CrSi x , TaSi x , AlSi x Cu y and TiW x Si y ), ceramic 
materials (e.g. silicon nitride, silicon carbide, polysilicon, titanium nitride, titanium oxide(s), 
titanium carbide, CoSi x N y , TiSi x N y , TaSi x N y , or other ternary and higher compounds), and 
other functional films, such as anti-reflection films often deposited on a surface of a glass 
substrate of the micromirror device. 

[0038] After the etching process, other processes, such as coating the microstructure with 
self-assembly-monolayer (SAM) material, can be performed at steps 136 through 146. 
[0039] At step 136, the etch chamber is pumped out to remove the gases from inside the 
etch chamber. The microstructure is unloaded from the etch chamber (step 138) and 
transferred into the SAM chamber (SAM chamber 114 in FIG. 3) at step 140. The SAM 
chamber is then filled with the SAM material (step 142) so as to coat the microstructure with 
the SAM material at step 144. After coating, the microstructure is unloaded from the SAM 
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chamber at step 146. In transferring the microstructure from one chamber (e.g. the etchant 
chamber) to another (e.g. the SAM chamber), a load-lock that connects the chambers is 
preferably employed. During a transfer from one chamber to another, the microstructure is 
unloaded from the first chamber and loaded into the load-lock before loading the 
microstructure into the second chamber. 

[0040] In addition to SAM coating process, breakthrough etch may also be applied to the 
microstructure. Specifically, the breakthrough etch is performed at breakthrough chamber 
112 (in FIG. 3) at step 120 before etching the microstructure using spontaneous vapor phase 
XeF 2 . The breakthrough etch is executed for cleaning the non-etchable films of the 
microstructure. After the completion of the breakthrough etch, the microstructure is unloaded 
from the breakthrough chamber and transferred into the etch chamber at step 122. 
[0041] It will be appreciated by those skilled in the art that a new and useful apparatus and 
method for removing sacrificial materials of microstructure s have been described herein. In 
view of many possible embodiments to which the principles of this invention may be applied, 
however, it should be recognized that the embodiments described herein with respect to the 
drawing figures are meant to be illustrative only and should not be taken as limiting the scope 
of invention. For example, those of skill in the art will recognize that the illustrated 
embodiments can be modified in arrangement and detail without departing from the spirit of 
the invention. For example, the sacrificial layers, if silicon, could also be removed by other 
spontaneous chemical vapor phase etchants, such as other noble gas halides or interhalogens 
(bromine trifluoride, bromine trichloride, etc.). Therefore, the invention as described herein 
contemplates all such embodiments as may come within the scope of the following claims 
and equivalents thereof. 
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